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Micro-wave assisted extraction，MAE； 
Naphthalene，Nap； 
Particulate organic carbons，POC； 
Persistent organic pollutents，POPs； 
Phenanthrene，Phen； 
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Pyrene，Pyr； 
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Solid phase micro-extraction，SPME； 
South China Sea ，SCS； 
Soxhlet extraction，SX； 














































于 2004~2005 年分 2 个秋季对南海（South China Sea）北部海域水体中多环
芳烃（polycyclic aromatic hydrocarbons，PAHs）开展了 2 个航次的研究，首次获
得 PAHs 在该海域的含量、水平与垂直分布、来源以及年际变化等地球化学特征，
使国内对海洋环境中 PAHs 的研究由沿岸海域进入边缘海。同时，还于 2006~2007
年对厦门九龙江河口及西海域水体中 PAHs 的地球化学行为及季节变化展开了 4
个航次的研究。主要结论如下： 
2004 及 2005 年南海北部水体中颗粒态 PAHs 的含量分别为 0.77 ng/L~   
6.94 ng/L（平均值为 2.80 ng/L）、0.40 ng/L~3.62 ng/L（平均值为 1.33 ng/L）；2005
年溶解态 PAHs 含量为 1.13 ng/L~24.42 ng/L（平均值为 5.93 ng/L）。 
南海北部水体中水平分布主要呈现出沿岸高、外海低，随着离岸距离增加，
含量逐渐降低的分布趋势。此外，水团的交换也是影响其分布的原因之一。并且，
该海域水体中的 PAHs 以 2~3 环为主。在垂直方向上，溶解态 PAHs 随着深度增
加含量逐渐降低，颗粒态 PAHs 与颗粒有机碳（POC）的分布存在一定的相关性，
在 50 m 水深处有一颗粒输出的极大值。 
来源方面，通过比值法计算得出，南海北部海域 PAHs 的主要来源为珠江的
输入。个别站位 PAHs 主要受油田开采的影响；在颗粒相和溶解相两相之间的分
配方面，基本上呈现出 5 环>4 环>3 环>2 环的关系，与各组分的物理性质表现出
相一致的规律。 
厦门九龙江河口及西海域水体中溶解态、颗粒态 PAHs 的含量明显较高。春、
夏、秋、冬四个季节溶解态∑PAH 的含量分别为 333.22 ng/L~1 679.52 ng/L（平
均值为 839.611 ng/L）、241.7 ng/L~1 837.8 ng/L（平均值为 818.8 ng/L）、791.1 
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值为 3 369.46 ng/L）。颗粒态∑PAH 含量则分别为 ND~2 578.2 ng/L（平均值为
1 048.1 ng/L）、594.5 ng/L~1 913.0 ng/L（平均值为 893.5 ng/L）、774.8 ng/L ~4 707.0 
ng/L（平均值为 2 412.2 ng/L）、2 120.4 ng/L~9 136.4 ng/L（平均值为 4 788.7 ng/L）。
九龙江河口区表层水体中 16 种 PAHs 的水平分布上，高值主要出现在河端和西
海域，总体表现为含量沿河口从内向外海逐渐减少的趋势，表明九龙江和西港是






















































Trough the survey of open voyage of South China Sea, particulate and dissolved 
polycyclic aromatic hydrocarbons （PAHs） samples were obtained in Sep. of 2004,, 
2005, 2006. It’s the first time to report concentrations、horizontal and vertical 
distribution pattern、source and annual trends, which helps the marine research make a 
great progress, from the coast to marginal sea. At the same time, 4 voyages were taken 
in Jiulong estuary and West Sea of Xiamen to investigate the geochemistry behave 
and seasonal trends of PAHs. All the conclusions were showed as follows: 
The concentrations of particulate 16 PAHs（∑PAH）were 0.77~6.94 ng/L （2.80 
ng/L in average）、0.40~3.62 ng/L （1.33 ng/L in average）, separately in Sep of 2004 
and 2005. While concentration of dissolved ∑PAH were 1.13~11.03 ng/L （4.24 ng/ 
L in average）in Sep of 2005. 
Horizontally, the concentrations of ∑PAH were higher at the seashore and 
lower in the open sea, and with the distance from seashore increasing, the 
concentrations of ∑PAH depressed regularly; Vertically, particulate organic matters 
could affect ∑PAH distribution, it showed some correlation in this sea areas. There 
was a maximum at the depth of 50 meter. Compounds with 2~3 rings were dominate 
pollutants. 
The ratios, Phen/Ant and Fluo/Py were used to estimate the PAHs’ source. They 
indicated that the source of PAHs in Northern SCS was the input of Pearl River. 
Separate stations in the open sea were affected by the oil fields exploitation. The 
distribution between particulate and dissolved phase behaved 5 rings>4 rings>3 
rings>2 rings, the same as the characters of the compounds. 
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Sea of Xiamen, China, were much higher. The dissolved concentration of ∑PAH 
were 333.2 ng/L ~1 679.5 ng/L （839.6 ng/L in average）, 241.7 ng/L ~1 837.8 ng/L
（818.8 ng/L in average）, 91.1 ng/L~7 484.9 ng/L （3 528.3 ng/L in average）,  
1 011.8 ng/L~6 447.2 ng/L（3 369.5 ng/L in average） in spring、summer、autumn 
and winter, 2006~2007, separately; While the particulate concentrations of ∑PAH 
were ND~2 578.2 ng/L （1 048.1 ng/L in average）, 594.5 ng/L~1 913.0 ng/L 
（893.5 ng/L in average）, 774.8 ng/L~4 707.0 ng/L （2 412.2 ng/L in average）, 
2 120.4 ng/L~9 136.4 ng/L （4 788.7 ng/L in average）. 
Horizontally, the concentrations of ∑PAH were depressed as salinity increasing, 
that is from the estuary to the open sea, and there was an obvious falling trend in 
Jiulong estuary and West Sea, Xiamen. The high value appeared at river end and West 
Sea. This indicated that Jiulong estuary and West Sea were the main sources of the 
coast of Xiamen. Vertically, the export of particulate organic carbons and sediment 
resuspended could efeect PAHs concentrations. 
The distribution of PAHs with different rings and in different seasons varied 
obviously. In spring and summer, PAHs with low rings were transported by dissolved 
phase, while PAHs with high rings were by particulate in autumn and winter. These 
seasonal trends were similar to other estuaries and bays. Both particulate and 
dissolved PAHs, the lowest concentration occurred in summer, but the highest took 
place in winter. The main reason was the different precipitation.  
Key words: PAHs, distribution, geochemistry, South China Sea, Jiulong Estuary, 



























































（1，2，3~c，d）pyrene，InP）。上述物质的化学结构如图 1.1 所示。 
在海洋环境中，PAHs 以溶解态、悬浮颗粒态及胶体态等多种相态存在。由
于分离和定量测定真溶解态和胶体态的方法尚存一些困难，因此，目前对 PAHs
的相分布研究主要仍集中在溶解和颗粒态两相（King et al.，2004）。 
1.1.2 PAHs 的危害简述 
PAHs 作为一类非常重要的化学致癌和致突变物质，对人类健康和生态环境
构成了巨大威胁，并且是持久性有机污染物（persistent organic pollutant，POPs）
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对水生生物有一定的毒性。许多带有 4 个或者更多苯环的高分子量芳烃，如芘、
荧蒽、苯并（a）芘等，则具有致癌、致突变作用（Luo et al.，2004）。 
 
图 1.1 16 种 PAHs 的结构 
Fig. 1.1 The polycyclic aromatic hydrocarbons investigated  
 
此外，在海洋环境中，一些 PAHs 可以干扰海洋生物的内分泌系统（endocrine 
disrupting，ED）。Collier（1993）发现，当沉积物中 PAHs 的浓度超过 100 mg/dm3
时，侧枝鲽的产卵完全被抑制。Thomas 等（1999）长期暴露在 PAHs 环境中，
可引起细须石首鱼血浆中雌二醇和睾酮浓度降低。林建清等（2005）研究发现
PAHs 可以引起鲈鱼肝内脂质过氧化程度的提高；Jeong 等（2007）研究发现 PAHs
可以影响牡蛎的新陈代谢。 
1.1.3 PAHs 的来源简述 
PAHs 的来源包括自然和人类活动来源。前者主要由一些生物（如细菌，藻
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